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ABSTRACT OF Ka-BAND TECHNOLOGY STATE-OF-THE-ART

The following is a brief summary of the Ka-Band technology State-of-the-Art (SOA) detailed in

the following tables and diagrams. This Satellite Communications Technology Database was

created in conjunction with the Integrated Operations Architecture Technology Assessment

Study, NASA publication NASA/CR-2001-210563/PART1. It should be noted that the advanced

Ka-Band technologies have not been released by most U.S. organizations. Therefore, most of the

data presented in the tables has been taken from Japanese, European, and Canadian publications.

Attention is drawn to the great potential of high-altitude stratospheric platforms and airplanes in

providing the last mile connectivity from space to NASA ground infrastructure, expected to be

available possibly in the next decade. Although this falls outside the satellite Ka-Band technol-

ogy, it is important enough for NASA to consider these platforms in its future planning.

A. Antenna

For space Ka-Band and higher applications, several antenna technologies have been developed:

• A 3.6m cassegrain shaped main reflector antenna, using orthogonal RHCP-LHCP

polarizations and a 1.5 dB axial ratio, with 55 dBi gain and side lobes better than

20 dB.

• A 2.2m Ka-Band multibeam CP antenna, providing two fixed beams and three

scanning spot beams, with a 50.5 dBi gain. It uses Multi Port Amplifiers, MPA, with

on-board RF hybrid splitters and 16 x 6 IF switch for SS - TDMA. Eight beams are

generated for the uplink.

• An experimental 2. lm Scanning Spot Beam Antenna, SSBA.

• A 2m Reflector Antenna for Ka and millimeter wave bands (21 & 43 GHz), with

2 Ka beams and one MMW beam.

• A LEO Phased Array transmit antenna with 60 °- scan angle.

• An In-Orbit reconfigurable active contoured steerable spot beam antenna product.

• An intersatellite link 65 GHz antenna product.

• Direct rod radiator feeds for Ka-Band antennas.

For stratospheric platform applications:

• A 736 beam antenna at 47 GHz, for hemispheric spot coverage. On average, a

dielectric lens antenna with 7 feeds provides 7 beams; 130 transmit 47 GHz antennas

are needed.

For ground Ka-Band applications:

• A waveguide slot array antenna.

• A ground mobile microstrip active phased array.

• A ground mobile vehicular active phased array.

• A multimedia briefcase Ka terminal cassegrain and flat plate antennas.
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B. High Power Amplifiers
TWTA:

For space applications:

• To date, the best Ka-Band TWTA performance has been achieved with 140W RF

output with 60% efficiency in one case, and 100W with 72% in the other.

• A Multiport power amplifier has been developed with a switchable distributed

multibeam Butler matrix. It uses an 8 x 8 input/output amplifier matrix. The output

is an 8 x 120W TWTA system, for an 8 fold frequency re-use.

applications:

A 30W TWTA was developed at 21 GHz.

For ground

SSPA:

For space applications:

• To date, a 10W and 20W Ka-Band SSPA has been developed at 21GHz.

• A 1W SSPA using MMIC HEMT was developed at 27 to 31 GHz.

For ground applications:

• Between 28 and 31 GHz, several SSPAs were developed using .15 to .25 micron

pHEMT and provided 1 to 2W output power.

C. Low Noise Amplifiers

For space applications:

• A pHEMT LNA was developed at 26 GHz with a 2 GHz bandwidth, 1.6 dB noise

figure, and 19 dB gain.

• A cooled Ka-Band LNA uses MMIC and provides 35 dB gain.

• U-Bands, 46 to 54 GHz, are hermetically sealed in a 4-stage MMIC amplifier with

30 dB gain and 4dB noise figure at 50 GHz.

• Best performance for millimeter wave InP HEMT for low noise MMIC amplifiers is:

- 2 dB noise figure and 8 dB gain at 27 to 39 GHz.

- 2 dB noise figure and 5 dB gain at 43 to 46 GHz

- 2.6 dB noise figure and 6 dB gain at 58 to 64 GHz

- 4 dB noise figure and 6 dB gain for 88 to 96 GHz

For ground applications:

• Millimeter wave mixers:

They use balanced diodes for up and down converters, with 12.4 dBm, an IF of

3 GHz, and a conversion loss of 18 dB.
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• BalancedHEMT mixerdownconverters:

Theycanprovide12.4dBm, anIF of 1GHz, andaconversionlossof 10dB.

• OthermillimeterwaveHEMT products:

Suchasfrequencytriplershavebeendevelopedbetween19and56GHz with powers
of 16.5and2.3dBm.

D. MMIC

For space applications:

The following SSPA use pHEMT MMIC:

• 28 to 35 GHz, for variable gain amplifiers

• 19 to 25 GHz, for hybrid - MMIC linearized channel amplifiers

• 20 GHz SSPA with 2W output power

• 1 to 100 GHz MMIC products for low noise receivers, power amplifiers, variable

gain amplifiers, mixers, and attenuators.

E. Microwave/IF Switch Matrices

RF switch matrices:

Over the past 20 years, no major technology breakthroughs have been achieved for RF switch

matrices beyond a 10 x 10 matrix for space applications. The most recent achievement was an 8

x 8 Butler matrix at 17.7 to 20.2 GHz for multibeam multimedia traffic and frequency

reconfiguration.

IF switch matrices:

A 16 x 16 channel analogue IF Switch matrix uses .8 micron junction, isolated by BiCMOS

monolithic IC process. The IF is at 160 MHz and a bandwidth of 30 MHz.

F. SAW Devices

SAW IF Processor Product, first used for Inmarsat Third Generation, later by MSAT and AMSC

and Developed by Comdev Canada, was proposed by CAL Corp for the Inmarsat Third

Generation System Study. The concept is still the SOA for Multibeam Communications Satellite

control of IF center frequency and downlink channel bandwidth-on-demand. It uses sub-bands

channelization to reconfigure multibeam frequency reuse mobile and fixed satellites.

The key issues in SAW are the sharp filter response resulting in bandwidth saving and SAW

bandwidth limitations. SAW is ideal for large numbers of narrowband spot beams but is better

suited for mobile. However, for FSS, where the FSS market is toward reduced bandwidth/beam

and greater connectivity, there is a promise that FSS SAW processors may compete with digital

processors. Starting with the 70 MHz IF SAW Processor, SAW filter R&D is heading for 400

MHz and possibly higher in the long term.
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There is a need to reduce the high insertion loss and hence power consumption of SAW filters

for the digital processing of broadband signals, such as multimedia. In a regenerative OBP

architecture, SAW filters are used in the downconverters prior to digitization and in the

upconverters to remove image products generated by the D/A converter, which are very close to

the LO, thus requiring a sharp slope filter like SAW.

Gu Power Storage

• NiCd, for LEO and GEO, small to medium telecom and earth observation satellites

has a specific energy of 50 Wh/Kg and 80% efficiency.

• NiH2, for LEO and GEO, for medium and large spacecraft is at 60 Wh/Kg and 85%

efficiency.

LiSOCL2, for launchers and space vehicles, is at 200 Wh/Kg and 60% efficiency.

AgZn, is used for launchers such as Ariane.

HI Data Storage

• Solid-state space qualified recorders:

- At 1 MHz bit rate input, the SSR with 224 Mbyte memory can store 30 minutes
of data.

• Rotating memory:

- This is the future of data storage technologies. These technologies are optical

storage, magnetic disk technologies, and magnetic tape storage.

I. ASIC

There is insufficient information in the public domain on the details of ASIC design and where it

is heading. Two ASIC products are briefly described in the literature. These are:

• Programmable ASIC for universal modulator:

- It is used for regenerative satellites and for alternative routing methods in mobile

and fixed multimedia networks. It is programmable for different standards such

as DVB, CCSDS, ATM, etc. The 155 Mbps modulator includes a scrambler,

interleaver, encoders, frame inserter, symbol mapper, digital filter, clock

generation, and control module.

• ASIC digital processor product for communication satellites:

- It uses 3500 ASICs for 1.2 KW, 130 Kg, 34 MHz/channel with 2000 carrier

routing capacity for 200 beams.

J. Others

A number of Ka-Band related technologies are highlighted in the main tables and illustrations.

These are:
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• IOL---With 10W at 23 to 27 GHz.

• IOL--Steerable for data relay satellites at 23 GHz.

• Microwave versus optical Inter-Satellite Links--These are discussed and analyzed to

provide direction.

• ATM switch-over satellites--These can achieve 156 Mbs at Ka-Band.

• Modulators--These vary between 20 and 280 Mbps.

• 90 Mbps direct receivers--They use 5 port junctions for QPSK.

K. Issues

Several important Ka-Band related technology issues are analyzed and some misconceptions are

outlined in the main report. For example:

• Low power high temperature 77 Kelvin superconductivity SOA is feasible and

beneficial to the transponder low power input sections, such as the input receiver,

mixer local oscillator, and input multiplexer only. CSAT Inc. believes that there is

an inaccurate common belief that high temperature superconductivity, HTS, SOA is

applicable to high power sections of transponders and thus could reduce significantly

the power and mass of future spacecraft. This is not feasible in the foreseeable

future. It may be decades away, The reasons, explained below, show that the SOA of

space qualified cryocoolers and their excessive mass and power demands nullify any

miniaturization benefit from HTS.

In HTS, the heat dissipation has to be removed by the cryocooler to such a level not

attainable by today's cooling technology or in the foreseeable future for a few KW

output per power transponder. Even as little as a 50 W channel transponder with an

HTS absorption loss of 0.2 db 14 watts will be dissipated in a 6-channel multiplexer.

For today's achievable cryocooler efficiency, dc power of 400 watts is required for a

14 W cryocooler. The mass of such a large cryocooler and the additional mass

required for the DC power would not offset any reduction in mass gained by using

the HTS technology. In addition, no such cryocooler technology is reliable or has

been space qualified for more than a fraction of the 10- to 15-year expected satellite
lifetime.

There is a need to develop architectures for cost-effective new Ka-Band ground

terminals, IDU and ODU, and indoor and outdoor units and for new Ka broadband

satellites with advanced techniques: OBP, ATM-like protocols, OB switching, fast

hopping beams, and advanced TDMA access methods.

- High data rate systems under development:

-- NASA ACTS: demonstrated 622 Mbps with QPSK.

-- MPT/NASDA gigabit communications technology satellite program in 2003

with a 1.2 Gbps using 700 MHz.
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-- PTTelecomIndonesiaAsia Skylink with convolutedcoded16QAM
schemefor HDR terminalsin Asia.

COMETS,theCommunicationsandBroadcastEngineeringTestSatellite,is
testingratesup to 155Mbpsusing8 PSKTCM.

LockheedMartin Astrolink.

-- Loral Cyberstar.

-- Hughes Galaxy/Spaceway.

-- Teledesic.

- Other Filings, FSS V-Band, 36.1 to 54.4 GHz:

-- Denali

-- OSC

-- TRW

-- Lockheed Martin for 1.25 to 3.875 Gbps.
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Figure 4 Functional Block Diagram of SSBA
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Table 3.1-I Feed System Trade-off

Trade- off item

Pow:r efficicncy

I

Number of antenna

elcmcnts

Feed loss

Flexibility as to rain
auemmtion

Flexibility as lo

traffic variations

Beam control

System rel|abill .ty

Typical appliuabl¢

system

Overall evaluation

Cluslc[ horn

Good power efficicncy because of

TWTA used

Increases in proportion to the

nuber of be,am spots.

Loss increases due to increased

size of a switching cirgLut w'bcll t

he number of beams increase

Power for the maximum

precipitation is required for _g:h
beam.

Variations can be coped with by.

changing beam residence time.

Power distribution bctv,,cen beams

is impossible.
m

With switch sclecUon orfly.

Failarc of TWTA affects the

enitre system

ACTS

Fatr

Active phased array

Poor power efficiency b0cause of SSPA (Effect

of not ordy SSPA final stage but also pre-slage

should be taken into consideration.) However,

there is the possibility of tmprovcmcnt.

Ramains constant ines_ve of the number of

spot beams.

Remains conslanl due to spatial be,am combine.

Loss becomes mgligibl¢ when t his system is

direct ly connected with antennal elements.

Much power must be distributed to rainfall

aIP.,as.

Variat ions can be coped with by changing

beam residence time.

Power distribution toward are,as with heavy

traffic is possible.

Many phase shJl'ters must b¢ controlhxl.

Failure of one SSPA does not critically affect

the en_i[e s3,stem

Telcdesic (planned)

Good

Item A7 cont.

Table 3 2-1 Antenna System Trade-off

Item

Installation on board the

satcllite

Antenna weigltt

•Be.am gain

•Wtdc-anglc sca]mt ng

dmracterisu¢

Amplifier's service

efflcien_ ( wilh vanablc

beam-toq_aln power
levcls )

Single reflector system

Good

•Feed array detaches itself from bus
structltre.

Excellent

Fair

Fair

Fair

•Electrical characlenslics deteriorate

since excitaUon dismbution is made

uniform to stabilize the amplificr's

operation

Dual reflector system

Fair

-Subreflector is required

.Tower that holds the subreflector is

required

Fair

•Heavier by the weigh! of thc
subreflector.

Excellent

Exce|)cnt

-Widc-angie ¢haracterislic can bc

improved by enlarging thc subreflector_

Exeflent

-Eicclrical charactensties arc kept good

even when excitation distribution is
nmde umform to stabiliee the

amplifier's 01_ ralion
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3.5 m Antenna for / / '_r K b --'_F^nNard _-con -_-llli......
Ka and S bands Inler-satel_ileCom. / ,u - o....... "kLtJ1JiilJ

Ante_nna tor S-band "r-]'C "u'-LLiJ

Fig.1

Table1

Antenr'la

Conceptual sketch of COMETS

I Item A9 I

Outline of mission payload

D=anleter 2n_, Circular polarization. Antenna pointing 5ystulll

Spot beam antenna shared by MM-wave anc_ Ka-bancl (shared with

feeder link antenna Ior =nter-orbit communfcat}on)

Beam Two Ka-ban(/t)eam5 (Ka_tto and Tokai beam,_)

One MM-wave beam (Ka_,lo beam)

FreQuency Ka-lp_nO

MM-wave

30.7.5-30.8,5 GHz (uptink)

20.98-21.07 GHz (downlink)

46.8746.90 GHz {uplink)

43.75-43.T8 GHz (downlink}

Number oi Iransponders Ka-band 2 (20 W and l0 W SSPA)

MM.wave t (20 W TWTA)

Operation mode IF repeater

Regenerative transponcter

2 X2 matrix beam interconnecting by Ift

filter bank

W_de ba.nd fiL|er {6 MHz) and narrow band

tiqlef" [500 kHz)

8 ch SCPC {uplink}/TrDM (Oownlink]

Beam interconnection by baseban_ swP,ching
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•
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Figure l. Block diagram of the Ka-band active phased array

Item A13

Table l. Characteristics of the Ka-band active phased array system

Frequency 21.028 GHz +__46 MHz (only receiving)

G/T _ -6.8 dB/K

Ream scan range

Pointing accuracy

Polarization

El: _> 42" Az: 0 ° to 360"

1 o rrn_

LHCP

< 6dBAxial ratio

Number of elements 168

'Element allocation Triangular form

Element spacing 0.6 X

Radiating element Rectangular microstrip antenna

Phase shifter 4-bit MM1C

:LNA 3-stage MMIC

Array size 110 mmX 120 alto

System dimcnsions 1. 390 mm3( W 410 mmX H 230 mm

Weight _ 30 kg

Temperature range -5 _ C tO 5(3"* C
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Feamr_
Scrambler

R-S Enco,:ien

Table 8: ASIC features programmability(summary)

l rolmmmtbalty
Any polynomial up to 15'_order ........

Bated on 2i Galois field implementation

Supports the following family of codes:

R-S(255-i. K-i, t) for 0<i<K

Based on _Galois field implementation

Supportsthefollowingfamily of codes:

R-S(N-i,K-i)forN=I5,K=I l,i=0,I,or2

Interleaver Interleavingdepthrange I- 16

Un/tdelayI-25

Convolutional Encoder ½ rate 64 gate (max)programmablepoiynon_al

2/3 rate 64 gate programmable polynomial

3/4 rate 64 state programmable polynomial

2/3, K, 5/6, and 7/8 punctured eacodin 8 ..

Symbol Mapper Arb,_rary input bits-to-oetput symbol mappings _,

FIR FiKer Digital FIR Filter

Filter Design Programmable (waveform) coefficients

"roll-off"0.2 to 0.6 Band.dab (cut-off frequency)

Number ofTape(24,48)

Number ofsamplespersymbol

• NormalMode

• DoubleSpanMode

* FourSPSMode _ Item I.I

• ComplexMode

• Bypa._ Mode

• Uafonn_ed inl_ data

• Formatted input data- packet length ¢ programmed R-S block length

• Formatted input data - packet length = R-S block length

Length (bits) Insertioninterval

8.32

8 -32

8 - 32

Length (bits)
w

every packet

8 -2048 packets

8 - 256 frames

Repeiiti_n

Modulation Format "

Input Frre, e Structure

Packet

Frame

Superframe

Preamble
i .....

.. Carrierrecovery 2 - 48 O- 26 times

Symbol timing 2 - 48 0 - 26 times

Unique Word 8.96 none

Pogamble 48- ]32 bits

DttaRate 1-5Mb/s - 155.52Mb/s" --

PowerControl O_pul power 20dB _jmmb|e in O.ldB *U_); ......

Modes.ofOperation "' StandbyMod_e_,.ContinuoJM_e,B_r_ Mode,'Bee_n-ho_pir_'Mode

Control Tmmmitter _/o_. Gain control,Channel selection,Manual override andman)' more
features
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Table l: Power/Bandwidth Efficiency Schemes
ID Modu/a_on/Coding MJn,B_No Bandwidth

MC1 _QPSK,cony.1/2,RS(2(__,188)
MC2 QPSK,-c0nv.2/3_R$(204,188)

:M(_3 _0PSK:o0r;v._4,'RS;_,188)

(dS) (bp#_)
3.4 0.88-
3.9 0.ee
4.4 0.99

MC4 QPSK,com.5/6, RS_,1-88 4.9
MC5qPSK.C 7 e,RS Ii )

m.

1.10

1.15
1.32

MC7

MC9

MCIO
MCl_
MC_2

QPSK, cony.1/2

T16QAM,R$(204,188)
QPSK, cony. 2/3

QPSK, cony.3/4
QPSK, RS(71,53)
QPSK, cony. 7/8

MC13 T16QAM (3/4)
, _ _ i nl --

MC14 TSPSK(2/3)
MC15 QPSK

6.7 0.71

Z2 095 '
8.0 1e07

" 8.0 1,07
8.7 1.2_

10.3 2.14

10.4 1.43
12.0 1.43
TBD ..... i,14MC!6 QPSK, com_3!4,RS._0,64)

MC17 OPSK, RS(236,212). TBD
MC18 QPSKcony.4/5, RS(236,212) TBD

MClg- Q'PSKcom.3/4, RS1236,212) TBD

1.59
1.m
2.12

Table 2: Coda sets for considered

# StmMlanl Code Set K I t
z

] General RS(255-i, K-i, t) _K i t

2 DV'B P.S(204, 188, 8) 239 5 Z 8

3 _ CCSDS _ ILS(.2.55, 223, 16)_ 239 16 16

4 Emo- ]L_80, 64, 8) 239 .175 S
,_jway
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Item J.7 _] DSP
Calculation J

LO---.p _-_ = I

Video ,emfi-

Amp|ificafion Alias
Filtering

's,_ _ ..................................
>2Tsymbol

F_ 2
D_ect Receiver Arch/tectureUtilizing D/g/tel Channel Filtms

and Digital Symbol Timing Recovery

Ram

Table 2. I-I Design Target and Performance of the FLCE EM

I Input Center Frequency

i

2 Output Frequency

3 3dB BandWidth

I , ,,

4 Local Frequency
5 Noise Figure

(including Input MUX,SW,
end WG LOSS

6 Gain Variation

7 Gain Slope

8 Phase Linearity

9 SpuriousPM

Desiln Tarot
30.12GHz

30.595GHz
30.f 9GHz
30.36GHz
4.38GHz
4.855GHz

4.45GHz
within22MHz +/-2MHz

within 55MHz +/-SMHz
within 11MHz +/-1MHz

20MHz
less than 4.25dB
lessthan 4.21dB
less than 4.16dB
lessthan 4.24dB
within+/-0.8riB

within +/-0.4riB
within +/-1.2dB
less than 0.295dB/MHz
less than 0.! dB/MHz

less than 0.8dB/MHz

less than O.075redo-p
lessthan O.082mdo-p

less than 0.082rado-p
less then 0.57de| rms

EM Performance
:sameas left
same as left

same as left
same as left
same as left
same as left

sameas left
21.8MHz
57.9MHz
11.3MHz

same as left
3.85dB max
3.82dBmax
3.8dBmax
13.76dBmax
+/-0.15riB

+/-0.14dB
+/-0.03dB
0.1ldB/MHz max
0.05dB/MHz max

O.06dB/MHz max
0,041redo-p
O.056redo-p

0,014rado-p
0,16degrms max

Remark

_SSA
KSA

Ka FWD BCN
PLT
SSA
KSA

Ka F'WDBCN
SSA
KSA
Ka FWDBCN
Internal Ref.
SSA

KSA
Ks FWD BCN
PLT

SSA
KSA

Ka FWD BCN
SSA
KSA
Ka FWD BCN

SSA
KSA
Ka FWD BCN"

SSA/KSA/Ka FWD BCI_

I Item J.8.1
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Table 2-33

Number of Typical Applications
CASE CASE !

Type

Application'

Optical/Microwave

Version

Range

Data Rate/No. of Channels

Tx. Source Powcr,C'hanncl

!Antenna Size

Link Margin (dB) (Min)

Wavelength/Frequency

TransmitterType

Receiver Type

Mass

Performance Comparison Between Optical and Microwave Terminals for a

GEO-GEO

Item J.9.1

Fixed Satellite Sen'ices- Trans GEO ARC

Opticai Microwave

Baseline 1st Alternative 2rid Ahemati've Baseline Aiternative

80,0O0 - 20,000 km

i III i

4 X 125 Mbps 3 x 167 Mbps I x 500 Mbps 4 x 125 Mbps 4 x 125 Mbps

2()0 mWICh. 206 mW/Ch. 500 mW;Ch. 40 W:ai_Ch. 15 Watts/Ch.
i

25 cm 25 cm 25 cm 183 cm 185 cm

2.12 2.611.75 2.75

DIODE

APD/4 PPM

830 nm 830 nm 830 am 23 OHz 60 GHz

DIODE MOPA TWTA TWTA

APDt4 PPM APD/4 PPM BPSK BPSK

39 kg 75 kg 58 kg

DC Power 67 Watts 543 Watts 320 Watts

Performance Factor 15,244 990 2,170

Poinilng Requirements

0.160
, ,,,, i ....

8.49 E-Od*/sec

4.13"

Azimuth, Range (Total)

Azimuth, RateofChange(max)

1.51E-O6°/sec
=,

Elevation, Range (Total'}

Elevation. Rate of Change (max)

CASE

Type

Application

OpticaVMicrowave

CASE 2
GEO-GEO

Co-Located Stacl[

Vemion

Rank,e
Data Rate/No. of Channels

ii

Optical Microwave
Baseline [ Alternative Baseline

4 x 750 Mbps

Alternative

80km - 4,000 km

4 x 750 Mbps
Tx. Source PowedChannet 200 mWtCh. 500 mW g Waas/Ch.

.=1

Antenna Size 7.2 cm 7.2 cm 914 cm 100 cm
1.48 2.00 2.52 2.56

830 run

DIODE
APD ' 4 PPM

26 k_
63 Watts

7.289

Link Margin (dB) (Min)

Wavelcn_h/Frequcncv
Transmitter TXpc

geeetver Type
Mass
IX? Power

Perfortasue Factor

1x 3 Gbps
15 Watts

,i i

Poinfln[ Requirements

Azanuth, Range (Total)

1550 nm 23 GHz 60 GHz

MOPA TWTA TWI"A
PIN BPSK

29 kg
164Watts

2,523

360 °

Azmauth.Rate of Change (max) 23. I*)s¢¢ IOut of PhaseScenario)
"-Eievatitm, Range (To_al} ± 90 °

Elevation, Rate of Change ,,,,(max)

QPSK

20 kg
II 3 Watts

5,333

24.0°/see (Out of P'haseScenario)
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Table 2-33 Performance Comparison Between Optical and Microwave Terminals for a

Number of Typical Applications (Continued).

Type

Application

_ticaFMicrowave

Rsn_e

Data Rate/No. of Channels"

Tx. Source Power/Channel
r ....

Antenna Size

Lini_"Margin (d/_) (Min)

Wavelength/Frcquencv

Transmitter Type

Receiver Type
Mass

GEO-LEO

SILEX Type
optical Microwave

40.574 km

I x 1.6 Gbps
500 mW

4 x 400 M b'ps
40 Watts/Ch.

134 cm

i

LEO-LEO

TELEDESIC -l')_Pc

Optical Microwave
1,10O km

I x 1'0' Gbps.
30(1mW

1 x I0 Gbps

40 Warts

550 cm25 cm 7.2 cm

2.97 2.64 3.21 2.77
" 830 nm 60 GHz 830'nm "60 GHz

DIODE

360 °

MOPA

•_PD/4 PPM

39 kg

67 WattsDC Power

Performance Factor 24,740

Pointing Requirements

Azimuth, Range (Total)

Azimuth, Rate of Change (max)

Elevation, Range (Totat)

Elevation, Rate of.Change (max)

TWTA

BPsK APD/4 PPM

26 ,k_
63 Watts

6,681
|

59 kg
7 i 6 Watts

1,542

2.753°/sec

TW'I'A

QPSK

20 k_
207 Watts

2,657

!57° (Cross-plane)
0.379°/sec

6.33 °

0.007°/see

80 °

O.075°/sec

Item J.9.2 [

Table 2-34 Evaluation of a Performance Factor for Microwave and Optical ISL's

Crossl'i'nk Type Data ilate

optical

optical

Distaace Mass

microwave 50( 80000

microwave !600 40574

,microwave 500 80000

microwave 30013 4000

microwave 10000 1100

microwave 3000 4000

optical 10000 1100

3000 4000

50O

1600optical
i

80000

40 74

74.5

58.8

57.6

29

20

20

26.3

26.3!

39.4

39.4

IPower M bps.km/

kg.Watts

543 98f

716 1542

32C 2 t 7_

] 64 2523

2O7 2657

112.5 5333

62.6 6681

62.6 7289

66.6 15244

66.6 24740
II
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I Item JlO J Table 3.1

Solar Cell Efficiency Ts. Time

I_62 IATTBelILsb_ 1$- 10 I_ ,Elaslc deslgn, t_end_etLet

_::97o[_OMSAT:._b. 1:3_ [SV--- v,oL_t_u [

v" ........................................................................................................ ............ 7 ..............

1_76 [COMSAT Labs ld 1 Eft 'Black call, t;a,_'tooth cove_ slide
............ ....................... : ........................ :t

Item J11 Table3.2

Characteristics ofPlamed CommercialKa-Band CommunicationsSystems

Fixed

,_ _o,_.oo0,, ': io.,_., o,°_.:I i o.,,
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